O F ALL the cardiovascular lesions that result from nonpenetrating traumatic injury none demonstrates the need for prompt recognition and surgical therapy as emphatically as rupture of the aorta that is not immediately fatal. That anyone survives complete transection of this major artery is almost unbelievable; nonetheless, an appreciable number have survived.
The medical literature contains many case reports of aortic rupture caused by trauma. According to Sailer' Although an individual with an apparent traumatic aneurysm of the abdominal aorta has been reported to have survived 27 years after injury,10 the relationship to trauma in this case may be questioned. However, the 27-year survival of an individual with a traumatic aneurysm of the thoracic aorta was also reported by Steinberg, 36 and 4 others in his series had survived for periods of from 2 to 21 years. One patient with a traumatic aneurysm of the thoracic aorta survived 8 years before surgical repair,23 but most patients have lived for periods of from 15 minutes to 3 weeks before surgical intervention or death.
It is the purpose of this paper to present the salient clinical and pathologic features observed in our series of 296 cases of aortic injury caused by nonpenetrating trauma and to discuss the diagnosis and management of aortic rupture in those who survive the immediate effects of the injury. Of the 1,174 necropsy cases of traumatic injury of the heart and aorta we have studied from the files of the Armed Forces Institute of Pathology, 275 were cases of aortic rupture, 104 combined with cardiac injury (table 1) . Included in the series are 2 living patients in whom traumatic aortic aneurysm has been corrected surgically. In addition to the 275 cases of aortic rupture, 21 cases of laceration NONPENETRATING INJURY OF THE AORTA involving only 1 or 2 layers of the aorta were studied, for a total of 296. In all but 1 of the 21 there was associated cardiac injury. Thirty-eight of the patients with aortic rupture survived the injury for a time.
Injuries other than cardiovascular were frequently sufficient to cause death. In an analysis of the cause of death in this series it was found that approximately 80 per cent of patients with combined cardiac and aortic injury and at least half of those with aortic rupture only would have died from their other injuries had there been no cardiovascular lesion.
The majority of patients were young men, only 4 of the 275 being women. This distribution does not reflect a true sex incidence, but only the sex distribution of the material at the Armed Forces Institute of Pathology, which is drawn from a predominantly male population. The average age in this series was 27 years, 18 and 85 years being the extremes.
The forces that produce aortic rupture are the same as for other nonpenetrating cardiovascular injuries; namely, direct and indirect forces, deceleration, compression, and blast. Often a combination of 2 An evaluation of the gross and histopathologic features of trauma to the aorta requires an appreciation not only of the normal microscopic structure of the aorta, but also of the possible pathologic alterations that might have preceded the wound. It would be fallacious to assume that all aortas were free from pathologic change at the time of injury. Indeed, our experience with a large series of autopsies in a similar age group in which trauma was not the cause of death indicates that pathologic changes in the aorta, particularly atherosclerosis, are common.
Atherosclerosis was found in our series, but in only 1 instance was it considered to have added significantly to the traumatic lesion. However, medial cystic necrosis of minimal to moderate degree in 3 instances probably made the aorta more vulnerable to unusual stress. Syphilitic involvement of the aorta was noted twice but was not considered a factor in production of the rupture. In neither of these cases was there aneurysmal dilatation of the aorta. Congenital cardiovascular defects were not demonstrated in our series. This lesion differs in that the endothelial surface of the aorta is broken and the collagenous and elastic fibers of the "subendothelial layer" of the intima are more severely disrupted and separated by hemorrhage (figs. 2B and 2C). The limiting effect of the internal elastic lamina on the extent of the laceration of the wall is illustrated in both figures. It is lesions of this type that could serve as the nidus of thrombus formation, either bland or septic, with possible peripheral embolization. The break in the endothelial lining might also lead to further dissection.
LESIONS OF THE MEDIA
The tunica media forms the bulk of the aortic wall. The elastic fibers of the media with their great tensile strength and their concentric lamellar arrangement provide much of the resiliency of the arterial wall. The smooth muscle fibers provide the contractile properties and serve to maintain the "vascular tone," but probably contribute relatively little to the over-all strength of the arterial wall. The elastic lamina may be frayed, split, or even destroyed in various diseases, such as advanced atherosclerosis or syphilitic aortitis, and such changes may render it more susceptible to traumatic laceration. The importance of the amorphous intercellular substance of the intima and media has recently been recognized. It is increased in amount in atherosclerosis, and accumulations of this material, often with focal pooling and vacuolization, characterize the lesions of idiopathic cystic medial necrosis of the aorta. Thus, it would appear that an abnormal accumulation of the amorphous intercellular substance must be considered in the evaluation of the effect of trauma on the aorta.
Traumatic Medial Lacerations
Lacerations extending into, but not through, the tunica media ( fig. 2D ) were observed occasionally in this series. Such lesions were described at autopsy, usually in association with other aortic lesions, but sometimes alone. The possibility that a medial laceration might lead to further dissection, rupture, or formation of an aneurysm should not be overlooked.
LESIONS OF THE ADVENTITIA
The tunica adventitia provides a portion of the tensile strength necessary for the maintenance of the normal caliber of the aorta, and through the medium of the vasa vasorum contributes to the sustenance of the arterial wall.
It is vulnerable to systemic and local disease. Elastic stained section showing a healed false aneurysm of the aorta. Note the abrupt termination of the elastic fibers of the aorta at the site of the traumatic laceration. The wall of the aneurysmal sac is composed of fibrous and collagenous connective tissue in which only a rare degenerating elastic fiber is seen. X 2.
Thus, pathologic processes of the adjacent structures, particularly benign or malignant lesions affecting lymph nodes and involving the adventitia secondarily, should be considered in evaluating any traumatic rupture of the aorta.
The traumatic lesions that involved the adventitia of the aorta were of 3 types: (1) traumatic false aneurysm formation; (2) complete aortic laceration; (3) periaortic hemorrhage.
Traumatic Aneurysms
Included under this type are all cases in which aneurysmal bulging of the aortic wall followed complete laceration of the intima and media, and also those in which false aneurysm formed after rupture of all 3 layers. In some instances a distinction between the 2 could not be made with certainty, even on microscopic examination of the wall of the aneurysm.
In cases in which circumferential laceration of the intima and media was complete, a fusiform aneurysmal bulging of the wall of the aorta developed, while in those in which only a portion of the wall was lacerated the bulging appeared as a localized diverticulum or pouch-like formation. despite the high incidence of rib fracture.
Although many patients were in shock initially, blood pressure was within normal range in 10 and became normal in an additional 19 were heard in the right lung. There were abrasions of the chest, fractures of the sixth and seventh ribs on the left, and the third, fourth, and fifth on the right, and a compound comminuted fracture of the left femur. The patient was given a whole-blood transfusion and the compound fracture was treated surgically. Postoperatively and until 6 days later the patient did well. Then his temperature rose to 101F., and tachycardia and dyspnea appeared. Because of dulness and absence of breath sounds on the right, thoracentesis was performed with recovery of 500 ml. of blood. The patient became cyanotic, but oxygen therapy brought relief. Hoarseness developed. During the course of the next 24 hours he was given 1,500 ml. of whole blood and by the end of this period the temperature returned to normal and his breathing was normal. Blood patient complained intermittently of anterior chest pain. X-ray revealed a comminuted fracture of the femur, right clavicle, and right fourth rib.
The chest x-ray also showed widening of the superior mediastinum ( fig. 4) 
